Fast-timing measurements were performed recently in the region of the medium-mass 103,105,107 Cd isotopes, produced in fusion evaporation reactions. Emitted γ-rays were detected by eight HPGe and five LaBr3:Ce detectors working in coincidence. Results on new and re-evaluated half-lives are discussed within a systematic of transition rates. The 7/2 + 1 states in 103,105,107 Cd are interpreted as arising from a single-particle excitation. The half-life analysis of the 11/2 − 1 states in 103,105,107 Cd shows no change in the single-particle transition strength as a function of the neutron number.
I. INTRODUCTION
Cadmium isotopes have two protons less than the 50 Sn nuclei, presenting a good test case for the robustness of the shell structure. Shell model calculations successfully describe the experimentally observed level energies and level lifetimes in the extreme neutron-rich and neutrondeficient cadmium isotopes proving the persistence of the shell structure below the doubly magic 132 Sn and 100 Sn [1] [2] [3] [4] . Fingerprints of collectivity, however, start to emerge when moving away from the neutron shell closures. They can be found in the decrease of the 2 + 1 energy and in the increase of the respective B(E2;2 + 1 → 0 + 1 ) values when approaching the neutron mid-shell [5] .
Due to the neighbourhood of the shell model tin isotopes and the presence of weak collectivity in the neutron-mid shell cadmium isotopes, both single particle and collective states are expected to occur in the medium mass odd-A Cd nuclei. Moreover, there are several cases where the structure of the state is ambiguous. In the 103,105,107 Cd [6] [7] [8] , for example, the lowest-lying excited J π = 7/2 + state can arise from a collective excitation built on the 5/2 + ground state or from a single-particle excitation. A model independent approach to the prob-lem is to evaluate the B(E2) transition strengths within a systematical study involving even-even well deformed and spherical nuclei, where the structure is well established.
In order to study the structure of the low-lying excited states in 103,105,107 Cd fast-timing measurements were performed. The half-lives are directly related to the transitions rates and hence to the structure of the state. The present paper reports on new results, obtained with eight HPGe detectors working in coincidence with five LaBr 3 :Ce detectors.
II. EXPERIMENTAL SET UP
The low-lying excited states, placed on and close to the yrast line in was of the order of 8 pnA. Besides the 3n channels, the 4n, 2np, 4np and 2nα-fusion evaporation channels also have significant cross sections which contaminate the spectra of interest.
The half-lives of the levels of interest were deduced by using a fast-timing set up consisting of 5 LaBr 3 :Ce scintillator detectors working in coincidences with 8 HPGe detectors [9] . Five of the HPGe detectors were placed at backward angles with respect to the beam axis, two were placed at 90
• and the eighth HPGe detector was placed at a forward angle. The five LaBr 3 :Ce detectors were mounted bellow the target chamber on a ring of approximately 45
• degrees with respect to the beam axis. The five LaBr 3 :Ce crystals had a cylindrical shape and 5% Ce doping. One of the LaBr 3 :Ce detector was a commercial integral detector. Its size was 2"×2". Two of the LaBr 3 :Ce detectors had 1" height and a diameter of 1". Two LaBr 3 :Ce crystals had dimensions of 1.5"×1.5". Each of the four crystals was optically coupled to XP20D0B photomultiplier and mounted in aluminum casing. The readout, from each of the four noncomercial detectors, was made via a VD184/T voltage divider. The voltage divider issues a negative anode signal and a fast positive dynode signal. The anode signal was used for timing, while the dynode signal was used to obtain energy signal. This non conventional choice was made to avoid the saturation of the dynode signal [9] , which facilitates the analysis of the energy spectra.
The energy signals from the HPGe detectors were amplified and then digitized by 8k Analog to Digital Converters (ADC) AD413A. The timing signals from the HPGe detectors were processed by 4k 4418/T Time-toDigital converters. The energy signals from the LaBr 3 :Ce detectors were amplified by spectroscopic amplifiers and then digitized by 8k ADC AD413A. The timing signals from the LaBr 3 :Ce detectors were sent to a Quad Constant Fraction Discriminator, model 935. Each of the five timing signals was used to start a Time-to-Amplitude Converter (TAC) operating in a common stop mode. Then the five TAC output signals were sent to 8k ADCs. The acquisition was triggered when two LaBr 3 :Ce and one HPGe detectors were fired in coincidences.
III. DATA ANALYSIS
Data was stored in event-by-event mode in 100 MB long files, which were grouped in runs of approximately 2 hours. Then the data was analyzed using the GASPWare and Radware [10] packages. Because of the instability of the LaBr 3 :Ce detectors observed with time, a gain matching procedure was applied run-by-run. To correct the CFD for the walk effect, observed at low energies, analysis of the time responce as a function of energy was performed with a 60 Co source [9] and in-beam. Then the data was sorted in gated energy spectra, two-dimentional energy-energy (E γ − E γ ) and three-dimentional energyenergy-time (E γ − E γ − ∆T ) matrices, where E γ is the γ-ray energy detected by a LaBr 3 :Ce detector and ∆T is a time difference between two gamma rays detected in coincidence.
The (E γ − E γ − ∆T ) matrices were constructed as fully symetric in energy, i.e. for each event where γ-rays of energies E γ1 and E γ2 are detected the matrix elements (E γ1 , E γ2 ) and (E γ2 , E γ1 ) are incremented, while the time intervals associated with these two points are calculated as ∆T = (t 1 −t 2 )+t 0 and ∆T = −(t 1 −t 2 )+t 0 respectively. Here, t 1 − t 2 > 0 is the time difference measured with two TAC converters and t 0 is an arbitrary offset. In the cases where the two γ-rays feed and deexcite a state with a half-life longer than the electronics resolution, which in the present work is 6 ps/channel, then the time distributions associated with the two matrix elements (E γ1 , E γ2 ) and (E γ2 , E γ1 ) will be shifted by 2τ , where τ is the lifetime of the level of interest. This procedure represents the centroid shift method [11] , which has been successfully used in the past [12] and recently applied with LaBr 3 :Ce detectors [9] . In the cases, where the level half-life is much longer than the detector time resolution, a tail emerges on the right hand side of the time distribution. In these cases the slope of the tail has been used to determine the half-life of the level. Deconvolution of Gaussian and exponent was applied in the cases where the half-life of the level is of the order of the FWHM of the prompt distribution.
In order to select a particular reaction channel and particular γ-decay branch leading to the state of interest, the matrices were constructed with a condition imposed on prompt γ-rays detected in any of the high-resolution HPGe detectors. Fig. 1(a) with numbers. Fig. 1 Fig. 2 presents time spectra obtained after two dimensional energy gates imposed on E γ -E γ − ∆T matrices, gated on prompt transitions with HPGe detectors. To increase the statistics, in each of the cases, several prompt gates were imposed on the HPGe detectors. Here, the procedure will be ilustrated by using the lowest lying prompt and delayed transitions shown on Fig. 3 . Fig. 2(a) presents the time distributions for the decay of the 7/2 + 1 state in 107 Cd. The time distribution, plotted in full lines, is obtained with a (205γ, 641γ) energy gate, while the symmetric (641γ, 205γ) gate is plotted with dots. The half-life of 0.68 (4) ns, obtained from the centroid shift method, is consistent with the NNDC value of T 1/2 =0.71 (4) ns [8] . Gates on 798-keV or 956-keV transitions (Fig. 3) were applied with HPGe detectors in order to clean the time spectra from background events. (12) ns, obtained in the present study, was measured from the slope of the time distribution gated on (639γ-131γ) with the LaBr 3 :Ce detectors and cleaned with a gate on the 886 γ-ray or 705-keV γ-ray (Fig. 3) imposed on any of the eight HPGe detectors. It agrees the 1.75 (11) ns value, adopted by NNDC [7] , which is based on a γ(t) measurement with one NaI(Tl) detector [13] . Fig. 2 (c) presents the time curves for the decay of the 7/2 + 1 state in 103 Cd. The half-life of 0.37 (3) ns was obtained from the centroid shift of the two time distributions generated with gates on the 188-keV and 720-keV transitions (Fig. 3) Fig. 2(d) was obtained by gating on the 539-keV feeding and 392-keV de-exciting transitions (Fig. 3) , detected by any two of the five LaBr 3 :Ce detectors. An additional gate on the 786-keV γ-ray, which is in coincidence with the 392-keV and 786-keV transitions (Fig. 3) , was imposed on any of the HPGe detectors. The half-life, deduced from the centroid shift of the two mirror time spectra, is 149 (12) ps.
IV. DISCUSSION
7/2 + 1 : The half-lives T 1/2 , of the levels of interest, are listed in Table I along with the level energy E i and the spin/parity assignments J π . In order to calculate the partial half-lives and the reduced transition probabilities the γ-ray energies E γ , multipolarities Lλ, and mixing ratios δ, adopted by NNDC [6] [7] [8] , are also listed. The J π = 7/2 + state is the first excited state in all three isotopes and decays via M1+E2 transition to the ground state. An upper limit of the mixing ratio δ ≤ 0.1 for the 7/2
103 Cd has been estimated by the NNDC [6] . The mixing ratio, adopted for the M1+E2 transition in 107 Cd, is δ =+0.25 (1) [8] . It has been suggested that the respective transition in 105 Cd is of almost pure M1 nature, however a small E2 admixture is assumed [7] . For the purpose of the current discussion an upper limit of δ ≤0.1 was adopted in the present study.
The reduced transition probabilities, calculated with RULER [5] , are given in the last column of Table I . Fig. 4 shows the systematic trend of the B(M1) (Fig. 4(a) ) and B(E2) values for the 7/2 (Fig. 4(b) ), compared to the B(E2;2 (Fig. 4(b) ). Moreover, they are two orders of magnitude weaker than the B(E2;2 + ground state and decays via a pure, according to NNDC, M1 transition giving rise to B(M1)(W.u.)=0.068 12 [14] , which is an order of magnitude higher than the respective value in 103−107 Cd. However, the odd behavior of the B(M1) point on Fig. 4 suggests a significant E2 component. In fact, such an increase of the B(E2) value, and hence in the collectivity of the state, is observed in 111 Cd. There, the 5/2 (Fig. 4(b) ) and hence the 7/2 + state becomes collective.
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